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ABSTRACT 
 
Matahara Sugar Estate (MSE), after nearly 60 years of irrigation, is experiencing effects of 
waterlogging and salinization in some fields. The problem is believed to be the result of the 
expansion of (saline and alkaline) Lake Basaka towards the plantation fields. The objective of this 
study was to determine the geometry of the lake (area and shape) in the past about a half century 
(1957-2015) from both Landsat images and local information and then assess its negative effects 
on MSE's soil and water quality. Monthly groundwater (GW) depth was monitored using 
piezometer tubes. Water and soil samples were collected from each of the piezometer location and 
analysed for important physico-chemical parameters. The results indicate that the lake expanded 
approximately 47.3 km2 in the past about a half century. The soil quality is found to be very poor 
in plantation sections with very shallow GW depth and severe salinity condition. The lake, as 
revealed by the results, is intruding into the groundwater system of MSE on the Abadir side. 
Assuming continuation of the past trends, the lake is expected to inundate parts of MSE in the 
next few years and hence, challenge the production and productivity of MSE significantly. The 
Lake has the potential to join Awash River, thereby impacting all downstream irrigation 
developments in the Basin and the livelihood of the people depending on the water resources. As 
the area is situated in the uppermost part of MER, other factors are expected to exacerbate its 
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expansion even in the future. Overall, the study result presents the potential damage caused by the 
lake to MSE and provides valuable information for the reclamation measures to be taken for the 
sustainability of MSE. 
 
KEY WORDS: Basaka Lake; groundwater; Landsat; waterlogging; salinity; indices; spatial 
mapping. 
 
 
RÉSUMÉ 
 
Le Matahara Sugar Estate (MSE), subit après 60 ans d'irrigation les effets de l’engorgement et de 
la salinisation dans certains domaines. Le problème est considéré comme le résultat de 
l'expansion du lac Beseka et de ses solutions saline et alcaline vers les champs de la plantation. 
L'objectif de cette étude était de déterminer la géométrie du lac (surface et forme) dans le passé 
sur un demi-siècle (1957 à 2015) à partir des deux images Landsat et de l'information locale, puis 
d'évaluer ses effets négatifs sur les sols et l'eau de MSE. La profondeur des eaux souterraines a été 
contrôlée en utilisant des tubes piézométriques. Des échantillons d'eau et de sol ont été prélevés 
dans chacun des emplacements de piézomètres et analysés pour les paramètres 
physico-chimiques importants. Les résultats indiquent que le lac s’est agrandi d’environ 
47,3 km2 en un demi-siècle. La qualité du sol se trouve être très pauvre là où la nappe est peu 
profonde et le sol fortement salinisé. Le lac, tel que révélé par les résultats, empiète dans le 
système des eaux souterraines de MSE sur le côté Abadir. En supposant que les tendances 
observées se poursuivent, le lac devrait inonder des parties significatives de MSE dans les 
prochaines années et, par conséquent, impacter sa production et sa productivité. Le lac a le 
potentiel pour rejoindre la rivière Awash, menaçant ainsi tous les projets d'irrigation en aval et les 
moyens de subsistance de la population. Comme la zone inondée est située dans la partie 
supérieure de MSE, d'autres facteurs devraient aggraver son expansion dans le futur. Dans 
l'ensemble, les résultats de l'étude présentent les dommages potentiels causés par le lac de MSE et 
fournissent des informations précieuses pour les mesures de remise en état et la durabilité du 
MSE. 
 
MOTS CLÉS : Lac Basaka ; les eaux souterraines ; Landsat ; engorgement ; salinité ; indices ; 
cartographie spatiale. 
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INTRODUCTION 
 
Over the last about a half century, Lake Basaka has expanded at a very fast and dramatic rate 
(e.g. Abebe, 2000; Alemayehu et al., 2006; Ayenew, 2007; Belay, 2009; Goerner et al., 2009; 
Dinka, 2010, 2012b). The expansion of the Lake with its poor water quality (EC6.3 dS/m, 
SAR ~300 and pH = 9.6) is expected to create various negative impacts on ecosystems. It could 
affect the surface- and groundwater dynamics and soil properties of the region, which is 
particularly dangerous for the sustainability of Matahara Sugar Estate (MSE) (Dinka, 2010, 
2012). For instance, the reduced groundwater quality with a rising trend of the groundwater 
table (GWT) reveals the deterioration of soil quality in irrigated fields (Barret-Lenard, 2003; 
Khalown et al., 2005; Dinka and Ndambuki, 2014), which in turn may lead to reduced crop 
yield and even total failure of irrigated agriculture. If the lake expansion trend continues, the 
intrusion of lake water into the groundwater system of the sugar plantation may occur; resulting 
in certain economic and environmental consequences on soil and water (such as waterlogging, 
salinization, sodification and alkalinization). MSE is already experiencing signs of economic 
and environmental consequences in some parts of the plantation fields. As a result, the 
production and productivity of the Abadir-Extension (referred to as Abadir-E throughout this 
paper) farms are decreasing significantly and a significant number of cultivated fields are 
abandoned. 
Identification of the differential vulnerability of the sugarcane fields to future 
groundwater inundation problems as a result of the lake expansion is extremely important so 
that timely actions can be taken by the sugar estates, responsible institutions and the national 
decision makers. No profound scientific investigation has been done so far regarding the 
expansion of the Lake Basaka and its effects on the regimes of groundwater and soil quality of 
the nearby sugarcane plantations. 
Therefore, the current study was initiated with the main objective to assess the possible 
(negative) effects of Lake Basaka expansion on the nearby sugarcane plantation regarding 
sustainability of production and productivity (in terms of groundwater depth and quality and soil 
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quality, etc). The specific objectives of the study are: (i) to analyse the extent of lake expansion, 
(ii) to produce a spatial map for GWT and salinity and delineate the potential waterlogged 
fields; (ii) to identify the status of soil quality indicators and the potential associated salinization 
risk. The study result is expected to provide valuable information for researchers, irrigation/lake 
(water) managers, decision makers of the sugar estates and of the country. 
 
 
MATERIALS AND METHODS 
 
Study area 
Matahara Sugar Estate (MSE) (Figure 1) is located in the middle Awash valley (8°53' N, 
39°52' E, 950 m), Fantalle Woreda of Oromiya region at a distance of about 200 km south-east of 
the capital city, Addis Ababa. MSE is located in the Matahara plane south-east of the Lake Basaka. 
It is the second largest irrigation scheme established (in 1965, 14 years after Wonji-Shoa Sugar 
Estate) in the Awash Basin by the Dutch company called Hangler Vonder Amsterdam to meet the 
increase of domestic sugar demand, and the suitability of the soil and environment for exploiting a 
sugarcane crop. The sugarcane plantation fields (10.2 km2) are supplying cane to the processing 
factory with the design crushing capacity of 5,000 tons cane per day (TCD). There are about ten 
commercial cane varieties being grown on six soil cycle groups or 'soil classes', where the 
operation period of one crop cycle varies between 4-9 years. The soil cycle groups were 
categorised on the basis of soil moisture content at pF 2.0, cane yielding capacity and irrigation 
practices. The actual soil textural analysis made by Dinka (2010) in the period between 2007 and 
2009 revealed that the soils of the area have variable textural range, but predominantly (80%) are 
clay type. 
Matahara area is situated on a nearly levelled plain (slope <3%) stretching along the course of 
Awash River (both eastbank and westbank), surrounded by mountain chains of variable elevation in the 
south, south-east, south west and north west, which are the extensions of Chercher (Hararghe) 
highlands (Abjehu 1993; Dinka, 2012). In the north and northeast, the area is delineated by the mount 
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Fantalle (volcanic mountain) and undulating plateaus, respectively. Awash National Park (ANP) is also 
situated in this flat Matahara Plain (East of Basaka Lake). Physiographically, the area can be viewed as 
a topographic depression, where runoff from surrounding catchment areas gets accumulated along with 
alluvial sediments (Mohr, 1971, Dinka, 2012). 
Analysis of the long-term average (LTA) weather data (1966-2008) indicates that the area is 
characterized by a bimodal rainfall distribution pattern with the major rainy season occurring from July 
to September and the minor with occasional rain occurring between March to April (Figure 2). The LTA 
mean annual rainfall in the study area is about 544 mm. Mean monthly temperature ranges from 21.7 
°C in December to 28.7 °C in June. The average annual pan evaporation and potential 
evapotranspiration (Penman method) of the area are about 2070 mm and 1800 mm, respectively. 
Different reports (e.g., Alemayehu et al., 2006; Ayenew, 2007; Belay, 2009; Goerner et al., 2009, 
Dinka, 2010, 2012; Dinka et al., 2014, 2015) well documented about the study area. 
 
Field data collection  
The monthly groundwater depth monitoring, which is the first attempt for groundwater 
monitoring in the Matahara sugar plantation, was carried out using piezometer tubes. In October 
to November 2007, a total of 36 piezometers were installed manually using auger tubes at 
different parts of the sugarcane plantation considering the different sources of water such as Lake 
Basaka, Awash River, Reservoirs. The piezometers consisted of PVC tubes with 80 mm diameter 
and 2 to 3 m length screened by bentonite at their base over half of their length and the remaining 
length of the well casing was filled with sands. The water monitoring was commenced in 
November 2007, just after piezometer tube installation, and continued up to May 2010 with the 
monitoring frequency of once per month during the non-rainy season and twice during rainy 
season. The water monitoring was then totally discontinued due to the frequent damage to the 
PVC tubes by machinery activities and theft. 
During piezometer installation, disturbed soil samples were collected from two profiles 
(0-40 cm and 40 -100 cm) for each piezometer location. In addition, water samples were 
collected from piezometers in the month of May, which is almost the end of the irrigation 
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season, using clean polyethylene bottles (0.5 L). Soil and water sampling and analysis were 
based on standard test guidelines used by Laboratory of Ethiopian Sugar Corporation (Dinka, 
2010). The collected soil and water samples were analysed for quality (physico-chemical) 
parameters: pH, EC, soluble cations (Na, Ca, Mg, K) and organic carbon. The pH and EC were 
measured using a pH meter and electrical conductivity meter (1:2.5 H2O v/v), respectively. 
Calcium and magnesium were determined using EDTA Titrimetric method; whereas flame 
photometer was used for the determination of sodium and potassium. The OC value was 
analyzed using wet digestion method with hydrogen peroxide. For groundwater depth 
mapping, average GWT data was considered since there is a great fluctuation in groundwater 
depth due to the irrigation system of the area. 
Geostatistical analysis (ordinary kriging) was made in ArcView GIS (3.3) for the spatial 
mapping of groundwater depth and salinity and soil salinity. The altitude map of the area was 
made using universal kriging in ArcView (3.3). The soil salinity and GW salinity 
classifications were done as per the FAO standard quality guidelines (Ayers and Westcott, 
1985). The GWT classes were done following the FAO/UNEP (1984) guidelines adopted by 
Masoudi et al. (2006) and Dinka (2010). 
 
Landsat image acquisition and processing 
The expansion of the Lake from 1960s to 2010 was taken from the works of Dinka 
(2012a). In addition to that, a Landsat images for the year 2015 was selected and acquired from 
the FREE Global Orthorectified Landsat Data via FTP (http://glovis.usgs.gov). The image was 
cloud free and covers the Lake Basaka, plantation and surrounding areas. First, the Landsat 
image was registered in ArcGIS with the topographic map of the project area by matching 
some of the identifiable features like crossing of roads, railways, river, irrigation canals, 
bridges etc. on both the base map as well as on the satellite image. The images were then 
imported and processed in ERDAS (2006) Imagine 9.1 and ILWIS 3.4 Open 
(http://www.itc.nl/ilwis/) softwares. The image geometric correction, layer stacking, 
sub-setting and image enhancement were carried out (Dinka, 2012a). 
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Furthermore, ancillary data such as Digital Elevation Model (DEM), Digital Plantation 
(base) Map and topographic maps were collected from different sources. The DEM (90 m 
resolution) was downloaded from the NASA Shuttle Radar Topography Mission (SRTM) 
through the National Map Seamless Data Distribution System site 
(http://www2.jpl.nasa.gov/srtm/) and processed in ArcView 3.3 for the study area and the 
surrounding features. The Digital plantation base map was collected from Matahara Sugar 
Estate (Civil Engineering Department) and the 1975 Matahara topo-sheet (scale 1:50,000) was 
obtained from the Ethiopian Mapping Authority. 
After checking the different enhancement techniques, the Normalized Difference 
Salinity Index (NDSI) spectral enhancement (indices) technique was adopted to delineate the 
lake surface area for the year 2015. The NDSI algorithms given by McFeeters (1996) and 
adopted by GAO (1996) and Dinka (2012a) was applied in ILWIS. The various indices along 
with algorithms are presented on Table II of Dinka (2012a).  
 
 
RESULTS AND DISCUSSION 
 
Lake Basaka expansion extent (size and shape) 
The long-term rainfall and evaporation rates compared to the lake stage are illustrated in 
Figure 3. The lake evaporation was computed using the modified Penman-Monteith method. 
The mean average evaporation exceeds the mean rainfall in all months of the year. However, the 
monthly rainfall occasionally exceeds the monthly evaporation during heavy rainfall periods, 
specifically in the months of July and/or August. In general, the lake stage continued to increase 
since the beginning of the recorded period. Consequently, the fluxes of precipitation falling on 
the lake surface and the lake evaporation are increasing as function of the continuous increment 
of the Lake level. The water balance modelling made by Dinka et al. (2014) clearly indicates the 
changes in the annual fluxes and lake stage. 
The geometry (sizes and shapes) of Lake Basaka for the different years of interest are 
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presented in Figure 4. The expansion of the lake from 1957 - 20010 was taken from the works 
of Dinka (2012b). Figure 4 clearly indicate the extents of Lake Basaka expansion at different 
time periods. Analysis results indicated that Lake Basaka experienced a remarkable and drastic 
expansion in the past 5 decades. The current average and maximum depth of the lake is 
estimated at 90.5 m and 140.5 m, respectively. That means the lake has increased–at least–by 
a depth of9.2 m ( 0.14 m/yr) in the past about 5 decades. 
Figure 4 also presents the superimposed lake geometry and the surface areas of Lake 
Basaka at different time periods. The recent lake area (2015) is estimated to be 49 km2, 
indicating an increment by about 47.3 km2 (0.81 km2/yr) in the past a half century (1957 -2015). 
In general, it is indicative from Figure 4 (right) that the incremental areal is exponential rather 
than linear. As also described by Dinka (2012a), the expansion of the lake was in all directions, 
but mostly towards the south, southwest, and northeast directions following the topography of 
the area. Since 1986, the expansion is mostly towards the south (Abadir farm). In recent times 
(post-2000), the expansion of the lake is towards Abadir farm, Fantalle village and Matahara 
town due to topographic favour. Dinka (2012b) predicted the future expansion of the lake by 
considering the expansion trend of the lake in the past and the topography of the area (See 
Figure 3 of Dinka, 2012b). 
 
Effect of lake expansion on MSE 
The magnitude and direction of lake expansion have economic and environmental 
significance for MSE. It is a challenge for the production and productivity of MSE in terms of 
flooding farm lands, yield decline, groundwater table rise and soil quality deteriorations 
(salinization and sodification). Here, the potential impacts of Lake Basaka expansion on MSE 
is presented in terms of groundwater depth and quality, soil quality deterioration (salinity, 
sodicity and decline fertility), yield reduction, and loss of productive lands. 
 
Groundwater depth and salinity  
Seasonal variability of GWT for selected piezometers is presented in Figure 5. The 
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considered months (except July) are during irrigation periods, hence the seasonal responses of 
piezometers to irrigation water application and Lake Basaka intrusion can be visualized. 
Surprisingly, the GWT for most piezometers, especially in East, Awash, Abadir (A & E) and 
North sections (Figure 5) are shallow in January (winter) compared to October (spring), April 
(autumn) and July (summer). The seasonal rainfall pattern of the area (Figure 2) shows that 
winter (January) is the driest period compared to the other three seasons. This can be an 
indicator of the poor irrigation and drainage condition in these areas since the irrigation water 
supply is similar in different months. 
Water balance modelling done by Dinka et al. (2014) indicated that there is water flow 
from Lake Basaka to groundwater system of the area, and vice versa. The situation is actually 
clear from Figure 5c, where GWT adjoining the lake is very shallow in non-rainy season. The 
situation reveals that there is a change of groundwater flows (to/from lake) in these areas 
depending upon recharge from irrigation and the phreatic groundwater level at MSE compared 
to the lake level. 
Figure 6 illustrates the status of groundwater depth and salinity. Figure 6 (left) presents 
the status of the GWT and areas sensitive to waterlogging in parts of MSE, which was produced 
by ordinary kriging interpolation. Figure 6 (right) presents the map of groundwater salinity (EC) 
produced based on an ordinary kriging interpolation. The delineation results reveal that most of 
the GWT of the area, in general, is categorized as shallow (< 3 m) (i.e., waterlogged). Parts of 
Abadir-A and all Abadir-E fields have GWT < 2 m below the ground and hence, classified to be 
critically waterlogged. Critically waterlogged fields have relatively flat slope (< 2%) and are 
subjected to the influence of Lake Basaka. Groundwater depth is at a severe condition/level (< 1 
m) at Abadir-E sections of the plantation and in a moderate range (1-3 m) (i.e. potentially 
waterlogged) in the other areas. The lake is inundating significant amount of land in Abadir-E 
areas. 
Groundwater quality (salinity and sodicity) also showed spatial dynamics as a function of 
the GWT (Figure 6, right). Those plantation fields with shallow GWT have relatively poor 
water quality (i.e. elevated salinity). All Abadir-E and parts of Abadir-A fields are subjected to 
 Page 10 
 
severe salinity condition, above the permissible level for plant growth including sugarcane crop. 
Almost all Abadir fields have a certain level of groundwater salinity and/or sodicity problems, 
ranging from moderate to severe condition (Figure 6, right). 
The temporal (Figure 5) and spatial (Figure 6) variability of GWT depth and quality are 
of great economic and environmental concern for the area. A rising trend of GWT under 
irrigated agriculture is an indicator of an increased risk of waterlogging and the associated 
secondary soil salinization. See different literatures (e.g. Feddes, 1981; Kahlown et al., 1998, 
2005; Kahlown and Azmuth, 2002; Barret-Lenard, 2003; Asmuth and Knotters, 2004; Dinka, 
2010; Dinka et al., 2014) for the potential impacts of waterlogging. Dinka et al. (2014) explains 
the effects of waterlogging (shallow GWT) on sugarcane crop in terms of crop yield decline, 
total crop failure, impairment of machinery activities (land preparation, cultivation, harvesting), 
soil quality deterioration, etc. MSE is experiencing most of these effects in some sections of the 
plantation. 
The delineated waterlogging and salinity reveal the intrusion of the lake water into the 
groundwater system of the area, especially in Abadir-E fields (Figure 6). It is possible to infer, 
based on the results, that the chemical constituents of groundwater in the area are not only 
introduced naturally, but also mostly due to the effect of Lake Basaka. The hydro-chemical 
analysis results made by Dinka et al. (2015) also revealed the intrusion of the Lake water into 
the groundwater system of sugar plantations in Abadir-E fields. This argument was explained by 
the resemblance of Lake Baska hydro-chemistry with that of hot springs and GW (Abadir-E) 
rather than that of any of the other water types in the area. If the trend of lake expansion 
continues, it may result in certain consequences on MSE. 
 
Soil quality deterioration 
(a) Soil salinization. The spatial map of the soil salinity based on SAR produced using 
ordinary kriging is presented in Figure 7. All plantation sections have salinity level ranging from 
1.1–4.5 dS/m (low to medium); and sodicity level from 2–12; highest for Abadir-E and lowest 
for Abadir-C. The deterioration of soil quality is one of the environmental consequences of 
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reduced groundwater quality (i.e. rise of GWT) for continuous periods in irrigated agricultural 
fields. The shallow GWT with poor quality is expected to affect the soil properties and crop yield 
because of the significant salt and water contribution (Kahlown et al., 2005). Extensive irrigated 
areas affected by waterlogging are usually also affected by soil salinity and/or sodicity/alkalinity 
(Barret-Lenard, 2003). The results obtained for the study area also confirm the above arguments. 
Most of the soil quality parameters are above the permissible limit in those sections (Abadir -A 
& -E) with very shallow GWT. Waterlogged areas (Figure 6, left) are also affected by salinity 
and sodicity (Figure 7), further explaining the interaction among the twin major threats 
(waterlogging and salinization) challenging the sustainability of irrigated agriculture.  
The effect of highly saline Lake Basaka water intrusion on the plantation's soil salinity can 
be visualized from Figure 7. All Abadir-E and parts of Abadir-A fields are subjected to elevated 
salinity (SAR) level compared to the other sections. The soil salinity level increased almost as a 
function of the rise in GWT and increased groundwater salinity; indicating the occurrence of 
secondary (capillary) soil salinization in the area. All parts of the plantation sections shown in 
the map have soil salinity problems ranging from moderate to severe condition.  
(b) Decline in fertility. Spatial maps of organic carbon (OC) distribution for top and 
bottom soil profiles produced from ordinary kriging interpolation are presented in Figure 8. Top 
soil has relatively higher OC content, almost twice that of the lower profile for most plantation 
sections. The relatively higher OC content in the upper profile, also measured by Teshome 
(2008) and Dinka (2010), may be due to the partial decomposition of parts of the cane (such as 
cane top and underground biomass (roots)) as well as the amendments of filter cake into the soil. 
The result obtained reveals the reduction of OC with soil depth, which was previously reported 
by different researchers for Ethiopian condition (e.g. Zewdie, 2000; Yilma, 2006; Emeru, 2006) 
and other parts of the world such as Brazil, Australia, etc (e.g. Blair, 2000: Silva et al., 2007). 
Fields adjoining Lake Basaka are experiencing lower fertility, especially in the bottom profile 
(Figure 8b). This is further evidence for the intrusion of lake water into the area thereby affecting 
the soil fertility status.  
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Status of Production and Productivity  
The analysis results of Lake Basaka expansion as well as the status of waterlogging and 
soil salinization discussed earlier revealed the potential for yield reduction at MSE. Sugarcane 
yield is negatively affected when the GWTD rises above the threshold level (1.5 m, Khalown 
et al., 2005) below the ground surface. The average production of each plantation section in the 
recent past (2000-2010) as shown in Figure 9 confirms this argument. Most (~75%) of the low 
yields in the recent period is occur in the Abadir (C & E) and North sections, where the soil 
and water quality deteriorations are prevalent. The productivity performance of Abadir-E fields 
is found to be the least compared to other sections (Figure 9). 
The productivity of certain sugarcane cultivated lands is valued based on the number of 
successive cuttings (ratooning). The production results of the area reveal the deterioration of 
production and productivity in the Abadir-E fields (Figure 9). Consequently, the sugar estate is 
forced to uproot the fields before completing their crop cycle. In recent years (after 2000), 
almost 50% of the Abadir-E fields (where there is very critical waterlogging and severe soil 
salinization) were uprooted after first-and second-ratoon (i.e., second-and third-cutting) stages 
because of their poor performance far below expected amount. This is not economical as far as 
ratooning and cane production policy is concerned because of the large cost associated with 
land preparation. Most (~70%) of the cane production cost is attributed to land preparation. 
The sugar productivity, in line with the cane yield, is also significantly reduced in those fields. 
This condition reveals the impact of waterlogging and the associated salinity and sodicity on 
sugar quality and quantity aspects. Prolonged ratooning will reduce the production cost 
compared to plant canes. Uprooting below third ratoon (4th Cutting) is usually considered to be 
not economical. 
 
Loss of productive lands 
The expansion of the Basaka Lake is interfering with the production and productivity of 
the sugar plantation. Field observation during the main rainy season (2007-2010) showed that 
Basaka Lake water is emerging within Abadir-E sugarcane fields. The sugarcane growth in the 
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area was observed to be stunted and hence, out of production. Interestingly, this area, observed 
in May 2009, was totally inundated by the Lake after the extremely high rainfall in summer 
2008. 
More than 2701 ha of cultivated lands and about 2200 ha of productive lands are 
flooded by the Lake water since the mid-1990s. Furthermore, the estate lost more than 30 ha of 
farm land in Abadir due to salt encroachment (Tessema, 1998). Significant cultivated fields 
have been abandoned (about 60 ha) in Abadir-E areas and north section because of 
waterlogging and salinity. The waterlogging and salinity problems in the area pose a serious 
threat to the productive lands in the future. It is observed during field data collection that some 
fields in East section have salt crusts on the soil surface and the cane performance in the area is 
very poor. 
 
 
GENERAL DISCUSSION 
 
Analysis results clearly indicated that Lake Basaka experienced a remarkable and drastic 
expansion in the past about 5 decades. The lake area increased from 2.7 km2 (1957) to about 50 
km2 (2015), with average annual increment of about 0.14 m. The rise of lake level by 7.5 m in 
the past about half century (1957-2015) resulted in flooding of about 47.3 km2 of surrounding 
areas (0.81 km2/yr) (Figure 4). Most (80%) of the lake expansion was observed in the period 
from 1970 - 1990s (Dinka 2012b), which coincides with the periods of remarkable land 
use/cover (LUC) changes observed in the region (Dinka, 2012a). This period was characterized 
by a massive deforestation of forested lands by in-migrants from another parts of the country to 
the area, mostly from southern region, to seek employment opportunities at the sugar estate. 
There was a rapid population increase and urbanization in the region. The average population 
growth in the town was greater than 5.4%. Consequently, the hydrologic regime of the lake 
                                                          
1 Personal communication with Samson and Solomon in May 2009 and from expansion of the lake 
towards Abadir side  
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catchment was affected. This idea is suggested due to the fact that LUC changes usually result 
in an increment in surface runoff, evapotranspiration, erosion and sedimentation rates. 
Moreover, Dinka (2012a) suggested that there is a linkage between population dynamics, LUC 
changes, rainfall variability land degradation and lake expansion in the region. His report 
specifically explained the linkage between LUC change, rainfall variability and lake level 
fluctuations. The report explains the effect of the stochastic behaviour of the extreme climatic 
(rainfall) events on the regime of lake level. The interrelation between lake level, rainfall 
variability and evaporation rates are presented earlier (Figure 3). 
Various research reports have suggested the potential causes for the lake expansion. 
Detailed information about the periodic expansion of the lake and its potential causes are 
presented by Dinka (2012b). As summarized by Dinka (2012b), the potential causes for the lake 
expansion are the combined effects of the nearby irrigation schemes (Abadir farm, Nura-Era and 
Fantalle projects), submerged hot springs, GW inflows, surface runoff, sedimentation, climate 
change and tectonic activities. The hydrochemical characterization study by Dinka et al. (2015) 
reveals that the hydrochemistry of the lake water is similar to hot springs and groundwater 
(Abadir and North sections) than that of irrigation and drainage waters. 
The extent (size and shape) of lake expansion have economic and environmental 
consequences for the region, especially to MSE. There are indications for the cause-effect 
relationship between Lake Basaka and MSE, especially depending upon their phreatic GW 
levels. During heavy rainfall periods, there is groundwater outflow from the lake towards MSE. 
Assessment of soil and water quality indicated the incidence of soil and water quality 
degradations at MSE after long periods of irrigation. Waterlogging, soil salinization and 
sodification, and other soil quality deteriorations (reduced OC) already prevail in the area. The 
higher salinity level in the sub-surface soil relative to the top soil indicates the occurrence of 
secondary (capillary) soil salinization due to saline GWT rise. The development of secondary 
soil salinization in the area, apart from the lake intrusion effect, may be due to climate (high ET) 
of the area, which facilitates continuous E of water from saline GW through capillary rise. The 
majority of the plantation fields in Abadir area have shallow GWT (i.e. are waterlogged) with 
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35% of them critically waterlogged. The GWT of Matahara plain remained high, probably due 
to the recharge from irrigation, rainfall, lake and GW flow pattern in relation to the topography 
of the area. 
Significant yield reduction was observed in some sections of the plantation (Abadir-E) 
where there are serious water and soil degradation problems (waterlogging, salinity, 
sodicity/alkalinity and low fertility). These problems are influencing the production as well as 
the soil and water quality of the area. The estate is currently achieving about 60% of the initial 
potential realized during its establishment. And the estate already lost significant (> 300 ha) 
amount of productive land due to flooding by the lake water and associated problems. The 
production performances of fields adjoining Lake Basaka were found to be very poor. Most of 
the low yields in the estate occurred in sections (Abadir- C & E) with relatively high soil and 
water quality deteriorations. 
 
 
CONCLUSION AND RECOMMENDATION 
 
This study and other reports clearly indicated that Lake Basaka experienced a remarkable and 
drastic expansion in the past 5 decades. Most of the lake expansion was observed during the 
periods of remarkable LUC in the region. The lake level increased at least by 9.5 m in the past 
about half century (1957-2015) resulted in flooding of about 47.3 km2 of surrounding areas. 
Owing to the topography of the area, a small rise in lake level resulted in the flooding of a 
greater surface area. The lake expansion was mostly at the expense of grazing and agricultural 
lands. Various research reports have indicated the potential causes for the lake increment as 
nearby irrigation schemes, submerged hot springs, groundwater inflows, surface runoff and 
sedimentation, inflow from Awash River, climate change and tectonic activities. As the area is 
situated in the uppermost part of MER, other factors are expected to exacerbate its expansion 
even in the future. 
The study results reveal the deterioration of soil and water quality of MSE in terms of 
 Page 16 
 
waterlogging, salinization, sodification, yield decline, loss of productive lands, and reduction 
of soil fertility. The decline in soil fertility (especially OC), rising of GWT, GW quality 
deterioration together with expansion of Lake Basaka is of great concern for sustainability of 
the sugarcane plantations. Especially, the delineated waterlogging and salinization condition of 
the area is crucial and vitally influences the sustainability of MSE. It is most likely that 
waterlogging and salinization will affect the sustainability of MSE greatly in the future in the 
absence of radical redesign and rehabilitation of irrigation and drainage systems. It urges the 
concerned bodies (planners and administrators) to design and implement appropriate corrective 
measures to optimally utilize the available water and land resources. There are indications for 
the cause-effect relationship between the sugar plantation and Lake Basaka, especially 
depending upon their phreatic groundwater levels. The rise of GW in the sugar estate may 
affect the flow of GW to and from the lake. The author view is that the fluctuations in the 
GWT of the sugar plantation due to their system of irrigation might have contributed to the 
expansion of the lake and its intrusion into the GW system of the plantation. Soil and GW 
quality analysis results in Abadir farm clearly indicated the intrusion of the lake into the GW 
system of the area. Hence, the GWT rise and inundation could be anticipated to continue in the 
plantation in greater magnitude. Thus, the author would like to recommend a detailed 
investigation and mapping of the groundwater depth, flow directions and patterns in the area. 
The magnitude and direction of lake expansion have economic and environmental 
significance for the region. The trend of lake expansion, if it continues, is specifically 
dangerous for the sustainability of MSE. It could bring certain economic and environmental 
consequences in to MSE. For instance, GW inundation or salty water intrusion, may occur in 
the near future (10-15 years), resulting in certain problems and thereby affecting sustainability 
of irrigated agriculture. The future expansion of the lake may be aggravated towards the east 
and northeast directions owing to topographic condition. Assuming the past trends, the lake 
has the potential to inundate parts of MSE in the Abadir side and is anticipated to join the 
Awash River in the next few (10-15) years. Consequently, it will influence all the downstream 
irrigation developments in the Awash Basin and will affect the livelihoods of those people 
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depending on water resources of the basin. 
It is a known fact that assessing the potential damaging effects of the lake to the nearby 
Sugarcane farm and understanding the measures needed to minimize the damage are extremely 
important to solve the potential problems. Therefore, the author would like to suggest 
sustainable lake management activities to be done by the concerned bodies to reduce, if not 
avoided, the effects of the lake expansion to MSE and environment of the region. Managing 
the lake and its catchment facilitates the sustainability of the nearby irrigation schemes, 
pastoral activities, and towns in particular and sustainability of the downstream irrigation 
development in the Awash Basin in general. Overall, this study result presents the potential 
damage caused by the lake to MSE and provides vital information for the sustainable lake 
water management measures to be taken for the sustainable production and productivity of the 
sugar estate and irrigation development in the region. 
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Figure Captions 
 
Figure 1. Matahara Sugar Estate including plantation sections and Lake Basaka. 
Figure 2. Mean average seasonal variability of rainfall and temperature in Matahara area 
Figure 3. The fluctuation of annual lake levee, evaporation and rainfall 
Figure 4. The geometry (size and shape) of Lake Basaka at different time periods (1960-2015). 
Figure 5. GWT monthly fluctuations (2009/10 production year) for some plantation sections of 
MSE: (a) East, , (b) Awash, (c) Abadir (A & E), and (d) North 
Figure 6. Spatial maps of GW depth (Left) and salinity (right) for parts of MSE 
Figure 7. Spatial maps of soil salinity based on SAR 
Figure 8. Organic carbon content in the top (a) and lower (b) soil profiles 
Figure 9. Variability of cane yield at different sections (2000-2010) 
